Cosmomycin D (CosD) is the major constituent fraction isolated from a culture of Streptomyces olindensis ICB20. The ability of this compound to intercalate with doublestranded DNA was studied by gel mobility shift assays and electrospray ionization mass spectrometry (ESI-MS). ESI-MS experiments showed that the complex of CosD with 16-mer double-stranded DNA was at least as stable as a complex of daunorubicin with the same DNA sequence. This is the first study showing DNA binding properties of an anthracycline Anthracyclines are an important family of natural products produced by microorganisms of the actinomycetes group. They are tetracyclic aromatic polyketides which share a 7,8,9,10-tetrahydrotetracene-5,12-quinone structure.
Some members of the anthracycline group of antibiotics show interesting pharmaceutical, mostly anticancer, activities1,2). Anthracyclines that are used for cancer treatment include daunorubicin ( Fig. 1A ; DAU; daunomycin) and its hydroxylated derivative doxorubicin ( In the present work, two approaches were used for rapid, sensitive screening of in vitro interactions of CosD (Fig. 1C) 10,11) with dsDNA. These were gel mobility shift assays12) and electrospray ionization mass spectrometry Isocratic conditions and a flow rate of 3ml/minute were used in all cases. CosD was purified using 30% acetonitrile.
It was collected in bottle containing 0.1M potassium phosphate buffer, pH 7.0. These solutions were diluted 4-fold with water, applied to a solid-phase extraction cartridge (Sep-Pak Vac; 500mg; Waters), washed with water to eliminate salts and dried in vacuo.
Gel Mobility Shift Assays
Gel mobility shift assays were carried out by the method previously described12). diluted 2-fold using 0.1M ammonium acetate, pH 8.5 for ESI-MS analysis.
ESI-MS of
ESI-MS Analysis: All mass spectra were acquired using a Micromass (Wyntheshawe, UK) Qtof2 mass spectrometer with a Z-spray probe. The mass analyzer has an m/z range of 10000. Samples were injected directly using Harvard Model 22 syringe pump (Natick, MA, USA) at a flow rate acquired using a probe tip potential of 2600V, a cone voltage of 50V, and the source block and desolvation set to 2.0 and 13.0, respectively. In most experiments, spectra were acquired over the range m/z 400-3000.
Typically, 50 to 70 scans were summed to obtain representative spectra. The data were calibrated against a 18.6 (C-6A), 18.2 (C-6B and C-6E), 18.1 (C-6C and C-6F), 7.6 (C-14) ppm. 
Gel Mobility Shift Assays
In previous work, we showed that anthracyclines bound plasmid DNA and retarded its migration through an agarose gel17). In the present work, CosD was tested in the same way. Fig. 2 between DNA base pairs lengthens dsDNA, retarding its migration through the gel20).
ESI-MS of Anthracycline-dsDNA Complexes
We have previously investigated the application of ESI-MS for examining the interactions of the extensively studied anthracyclines, daunorubicin and nogalamycin with double-stranded (ds) DNA, but the present work is the first demonstration of the technique for studying anthracyclines with the glycosylation pattern exhibited by CosD.
Fraction CosD was chosen for ESI-MS analysis of its
interaction with 16 mer dsDNA because it showed the greatest effect on mobility of dsDNA. In previous experiments we examined the interaction of daunorubicin (CosD). When the dsDNA was treated with a 9-fold excess of CosD, the most abundant species in the mixture was that in which 4 molecules of CosSD were bound to dsDNA (M+4CosD). Under the same experimental conditions, but using DAU instead of CosD, the most abundant species in the mixture was that in which 4 molecules of DAU were bound to dsDNA. Therefore, under these experimental conditions, the binding behavior of DAU (Fig. 4A ) was similar to that of CosD (Fig. 4B) . 
A. ESI mass spectrum of d(GATCGAATCGGACGAG). (CTCGTCCGATTCGATC). B. ESI mass spectrum of d(GATCGAATCGGACGAG).
( A. Relative abundances of DAU-dsDNA complexes in 0.5:1-9:1 ratios. B. Relative abundances of CosD-dsDNA complexes in 0.5:1-9:1 ratios. Relative abundances of species in the mixture were calculated by expressing the intensity of a particular species (e.g. dsDNA+3CosD)
as a percentage of the sum of the intensities of all species in the mixture (including unreacted dsDNA, if any). 
